Increased neopterin concentrations in serum and urine indicate activation of cell-mediated immunity. In this study, urinary neopterin concentrations of a family consisting of 1 child (aged 5 years), her parents, and her grandparents were determined over a one year period and the course of neopterin levels was compared. Urine specimens were taken every second week during 1 year beginning in June. All 5 individuals lived in the same house, child and her parents separated by one floor from the grandparents. Neopterin concentrations were determined by high Performance liquid chromatography. In adults, neopterin concentrations were very stable throughout the year and peak increases occurred only rarely. In contrast, 5 sharp peaks of urinary neopterin concentrations were observed in the child, all occurring during the period when she was attending the kindergarten. Comparing the course of neopterin concentrations between the persons tested, several corresponding elevations of urinary neopterin were detected in the child and her relatives. The best association was detected between the child and her father (3 peaks of neopterin concentrations were observed, 1 of which coinciding with a peak in the child and two peaks with two weeks delay in the father). Between the child and her mother 1 corresponding neopterin peak was observed. One highly increased urinary neopterin concentration was observed in the grandmother which corresponded to a peak in the child with two weeks delay, a similar Observation was made between the child and her grandfather. In summary, high degree of correspondence in neopterin peaks was detected between child and adults. The data render it likely that the child was transmitting infectious diseases which she acquired at the kindergarten to her relatives, and the data are in line with the assumption that a dose family contact between individuals increases the risk of infectious disease transmission via household contact.
Introduction
lymphocytes, the release of IFN-y and the formation of neopterin, neopterin is a sensitive marker for the actiThe immune system plays a key role in the course vation of the cellular immune system (1,2). of various diseases. In order to better understand the Several years ago increased neopterin concentrapathogenesis and to establish an appropriate treatment, tions have been described in patients suffering from early and sensitive determination of immunological virus infections and malignant tumor disease (6) . Also changes in patients is important. With this respect, patients with autoimmune diseases and during allomonitoring of cellular immune activation can be easily graft rejection may present with elevated neopterin and sensitively done by measurement of neopterin in levels (1, 2) . In acute infections with, e.g., human human body fluids (1, 2) . Interferon-y (IFN-7) is the immunodeficiency virus (HIV), rubella virus or herpes central stimulus for the biosynthesis of neopterin in viruses such as cytomegalovirus (CMV) and Epstein human monocyte-derived macrophages and dendritic Barr virus (EBV) a rapid increase of neopterin concencells (3, 4) . In the cells, large amounts of neopterin and trations is found (7-10) which occurs even before anti-7,8-dihydroneopterin accumulate at the expense of body seroconversion. In patients with HIV infection biopterin derivatives due to a constitutive deficiency of neopterin concentrations are of prognostic value, and 6-pyruvoyl tetrahydropterin synthase (5 (11, 12) . In acute bacterial infections neopterin production is usually low, as humoral (= Th2-type) immune response dominates. Therefore neopterin measurements could be an additional tool to Support differential diagnosis between viral and bacterial infection in special clinical situations (13) . In this study, urinary neopterin concentrations of persons vt'ith household contact were determined over a one year period and the course of neopterin levels was compared.
Materials and Methods
In Order to examine daily Variation of neopterin concentrations during a longer period in healthy individuals, urinary neopterin concentrations were measured in 25 individuals every second week during 1 year beginning in June. In this study, a subgroup of data of 5 members of a family is presented comprising 1 female child (aged 5 years at entry to study), her mother (26 years) and father (30 years), and her grandmother (57 years) and grandfather (59 years). All 5 individuals lived in the same house, child and her parents separated by one floor from the grandparents. Neopterin concentrations were determined by high Performance liquid chromatography (HPLC) in early moming urine specimens. Neopterin and Creatinine concentrations were determined in one single run and the ratio of neopterin per Creatinine concentration was calculated. Results were expressed as umol neopterin/mo! Creatinine (1) . While the collection of specimens began in June, the child was referred to kindergarten in September for her 2"^ year.
Results
In the child, neopterin concentrations were stable 12 1620 24 2B 32 36«
Ti m« (w««l(s) Figure 1 Urine neopterin concentrations (mmol neopterin/mol Creatinine) in a 5 year cid child monitored for l year every second week during the first 4 1/2 months, after one moderate increase at week 2 ( Fig. 1) , remaining mostly within the normal ränge (95'" percentile = 432 mmol/mol Creatinine; ref. 1). During the subsequent 7 months, 5 episodes with peak increases of neopterin concentrations were observed reaching maxima between 850 and 1950 mmol neopterin/mol Creatinine. These peaks began a few weeks after the child started going to kindergarten for her second year, and were separated by only one ore two specimens (corresponding to two -four weeks) with low neopterin concentrations. Only between the 4*' and the S*" peak, corresponding to the period from the 15'" of March to the 6"' of May, levels remained below 500 mmol/mol Creatinine for a longer period.
In the other family members, peak increases of urinary neopterin concentrations were only rarely seen, and the peaks observed were of a much lower magnitude as compared with the child. In the mother ( Fig.  2A) , two increases of neopterin were seen which exceeded the normal ränge (week 20 and weeks 28 -30) and one slight increase at week 48. A steadily increase of neopterin concentrations until week 20 was related to successful pregnancy with birth of a male baby at the end of October. In the father (Fig. 2B ), 4 peaks of urinary neopterin concentrations were seen, 3 of them exceeding the upper limit of normal (weeks 24, 38 and 50). The grandmother (Fig. 2C ) experienced a sharp peak of neopterin concentrations at week 40 and a moderate increase at week 12. Finally, in the grandfather (Fig. 2D) , one increase of urinary neopterin concentration was seen at week 50.
Comparing the course of neopterin concentrations between the persons tested, several corresponding elevations of urinary neopterin in the child and her relatives were detected. The best coincidence of peaks existed between the child and her father, all three peaks of neopterin concentrations in the father reaching levels of 300 to 450 mmol/mol Creatinine were associated with peaks in the child (Fig. 2B) . Two corresponding peaks from the father (week 24 and week 50) had a delay of 2 weeks as compared with the child (Fig. 2B) , in the meantime the neopterin concentration of the child already retumed to normal. Similarly, the peak in the mother at weeks 28-30 corresponded to a peak neopterin concentration in the child (Fig. 2A) . The neopterin peak in the mother (weeks 28 -30) was not as high as the corresponding peak in the child. The highly increased urinary neopterin concentration in the grandmother (week 40) appeared with a 2-weeks delay compared to the peak in the child at week 38 (Fig. 2C) . Also the peak in her grandfather (Fig. 2D) had the same time lag as compared with the child.
Additionally coinciding elevations in urinary Figure 2A . Figure 2B . Figure 2C . Figure 2D . In Fig. 3 the neopterin concentrations (mmol/mol Creatinine) of the child and her father are shown as percent change over baseline. Data shows that the relative increase of neopterin concentrations during peak episodes with one exception become more comparable between the two than the absolute neopterin levels (umol neopterin/mol Creatinine).
Discussion
The data of this study shows that neopterin concentrations in the adults are very stable throughout the one year fol!ow-up period and increases of neopterin concentrations are seen only rarely. By contrast, high degree of fluctuation of neopterin concentrations was observed in the child with the exception of a rather stable phase of neopterin levels during the first few months. Notably, the frequently observed peak increases of neopterin concentrations in the child coincided with the time when the child retumed to the kindergarten for her second year.
The 5 peaks increases of neopterin concentrations (middle of October, end of December, begin of February, begin of March and middle of May) were associated with mild or moderate signs of infectious diseases (fever, headache or diarrhoea), but infections were not serologically confirmed and did not belong to classical infectious diseases in children, such as measles, rubella or Varicella infections. Because increased amounts of neopterin are produced from monocyte-derived macrophages upon Stimulation with the cytokine IFN-y, increased neopterin concentrations indicate immune activation. Especially during acute infections with viruses such as rubella, CMV, EBV or HIV-1, rapid increase of neopterin concentrations has been described (7) (8) (9) (10) . In blood donors it has been demonstrated, that an increase of neopterin concentrations can be observed even when subjects are free from overt symptoms of infection (9, 10) . Thus, it appears reasonable that the peak increases of neopterin concentrations in participants of this study were related to virus infections even in the case when symptoms were very mild or even absent. Thus, coincidental increase of neopterin concentrations in family members may indicate household transmission of infectious pathogens. Very often a slight delay of neopterin peaks was observed in the relatives as compared with the child suggesting that infections were acquired by the child while in dose contact with other children at the kindergarten and then forwarding them to her relatives.
Comparing the course of neopterin concentrations the best association was detected between the child and her parents. Notably, coincidence of peaks was more often observed between the child and her father, whereas grandparents were less affected, most probably because of their flats being separated by one floor making contacts to the child less frequent. Her grandparents only rarely experienced increased neopterin concentrations throughout the year of follow-up. The data are in line with the assumption that a closer family contact between individuais increases the risk of disease transmission via household contact. The contact of the grandparents to the child was more limited because they lived in a separated floor. The fmdings of this study compare well to data by Carman et al. (14) who examined the effects of influenza vaccination of health-care workers on mortality of elderly people in long-term care. Their program of influenza vaccination was associated with a decrease in mortality among patients. This means inversely, that health care workers without vaccination transmit infections to their patients. Therefore we can presume, that transmission of infectious agents through household contacts is very likely, and that in Our study the child acquired pathogens while in dose contact to other children at the kindergarten and transmitted them to her relatives.
The data shows that the child responded more often with increased neopterin concentrations than the adults. This may indicate that not every Single agent was transmitted to her relatives. On the other hand, immune memory might have prevented füll Thl-type immune response in adults even when the pathogen had been successfully transmitted. Memory cells allow to clear the organism by immediate and strong immune response upon a second exposure to a known pathogen. Consequently, the relatives of the child might have developed an acute immune response only in case when immune memory against a specific virus has not yet been established. Notably, the father of the child never has attended the kindergarten in his youth. It might be a reason why he more often was responding with peak neopterin concentrations in coincidence with his child.
Peak urinary neopterin concentrations were much higher in the child than in adults (Fig. 2) . It is well established that neopterin concentrations depend on age. Highest levels are observed in young children declining until the twenties and then smoothly increasing again (1) . Likewise, the normal ränge of urinary neopterin concentrations in children is higher (95'^per-centile: 432 mmol neopterin/mol Creatinine in children from 0-5 years) than in adults (95'" percentile: 182 mmol neopterin/mol Creatinine in males from 26-35 years; ref. 1). The majority of neopterin concentrations in our study corresponded well to these normal ranges with the exception of peak values. Peak neopterin concentrations in the child were approximately 4-fold higher in the child as compared with the adults. Also the °b change of neopterin concentrations during peak episodes in some cases was still more pronounced in the child than in her father (Fig. 3) .
In some cases the peak concentrations of neopterin in the adults compared with those in the child where separated by one measurement and thus were delayed for two weeks. One has to consider that the peak values not necessarily are identical with maximum levels. If the samples would have been taken within shorter intervals, the delay of the peaks could be deflned more exactly. Nevertheless, the delay of the peaks can be explained by the time which pathogens may need to be transferred from the child to her relatives and the time which needed the cellular immune system to respond against the infections.
In conclusion, the high frequency of increased neopterin concentrations in the child while attending the kindergarten implies a high risk for acquiring virus infections on this occasion. The high correspondence between neopterin peaks in the child and her parents and grandparents suggests a relatively high risk of infectious disease transmission from the child to persons with house-hold contact.
